ABSTRACT
find that debit card use has resulted in lessened demand for small denomination currency and coins used to make change. Indeed, some merchants no longer accept cash as a payment method (Rafsanjani, 2006) . Many banks offer low interest rate introductory offers to entice individuals to apply for, use and carry balances on their credit cards. The offers have varying features, but they typically provide the individual with a low interest rate for a prescribed amount of time. If the individual does not pay off the credit card balance before the introductory offer expires, the interest rate increases to a normal, markedly higher, rate. However, if the individual pays the card balance off before expiration of the introductory offer, there is often the potential for that consumer to earn an arbitrage profit.
Introductory offers have various features and limits. Some opportunities can be completed through a simple cash advance against the credit card. Others require the cardholder to make a purchase to receive the introductory interest rate. The term of an offer may vary from a few months to a few years. The minimum monthly payments also vary from card to card. Some cards allow the individual to earn airline frequent flier miles, or other membership points when using the card, thus improving the potential for arbitrage profits. Still others limit credit card arbitrage by imposing annual fees, and cash advance fees. Commonly the introductory offers can be repeated multiple times on the same card.
slower to respond to a decrease in interest rates than other financial products. Calem and Mester (1995) find empirical support for each of three explanations for this stickiness in rates. These explanations are 1) that cardholders incur search costs if forced to find another credit card, 2) cardholders incur switching costs if forced to find another credit card and 3) that banks face an adverse selection problem if they unilaterally reduce credit card rates. This paper provides additional evidence on the adverse selection problem. If arbitrage opportunities can be reduced, adverse selection problems may be, at least in part, limited. King and King (2005) argue that consumers should prefer the use of credit cards to debit cards under the assumption the credit card balance is paid on time each payment period. They consider the use of credit cards to be a substitute for cash, checks, and debit cards. Gross and Souleles (2002) , examine how people respond to credit supply changes finding that increased credit limits lead to increased debt levels. Brito and Hartley (1995) show that borrowing on credit cards at high interest rates can be rational because of low transaction costs relative to bank loans. Bank loans require an individual to visit a bank, document income and assets and pay various fees. On the other hand, for a current cardholder, borrowing against a credit card requires a simple telephone call. Ausubel (1999) examines preapproved credit card solicitations. He finds that solicitation recipients over respond to the introductory interest rate, relative to the interest rate that applies after the introductory period and the duration of the introductory offer. Specifically, he finds that consumers are two to three times as responsive to changes in the introductory interest rate compared with dollar-equivalent changes in the duration of the introductory offer. He also finds that individuals are at least three times as sensitive to changes in introductory interest rates relative to dollar-equivalent changes in the post-introductory interest rate. The sensitivity to introductory rates found by Ausubel (1999) could indicate that individuals engage in credit card arbitrage. If cardholders pay off the credit balance at the end of the introductory period, the post-introductory interest rate is irrelevant. The research in this paper extends this line of literature by precisely measuring arbitrage profits at different introductory offer maturities. This analysis provides added evidence regarding the motivations of individuals to respond to introductory offer solicitations. Bi and Montalto (2004) argue the emergency funds an individual keeps is a function of credit availability and other factors. They find that about 65 percent of households rely to some degree on credit card borrowing and 33 percent borrow more than $8,000 on their credit cards. Credit card arbitrage offers one method for individuals to lessen the cost of holding emergency funds. Jalbert, Stewart and Jalbert (2008) provide an examination of credit card arbitrage. They identify and analyze the factors that determine potential arbitrage profits. They calculate the arbitrage profit earned at different levels of these variables. Specifically, they examine variations in credit card and money market interest rates, the time frame of the introductory offer and the fixed fees associated with taking the offer. They identify potential arbitrage profits under various combinations of these variables. They go on to analyze how engaging in credit card arbitrage affects the credit score of the arbitrageur. In this paper we extend the analysis of Jalbert, Stewart and Jalbert (2008) by providing evidence on how altering the maturity of the offer and minimum payment requirements affect arbitrage opportunities.
THE JALBERT STEWART AND JALBERT MODEL
Jalbert, Stewart and Jalbert (2008) develop the following formula to calculate the potential profits from credit card arbitrage: 1 1 The formula presented here is a restated version of the formula presented in Jalbert, Stewart and Jalbert (2008) . Using the notation of this paper the formula presented by Jalbert, Stewart and Jalbert (2008) was: 12  1   12  12   12  1  12  1   12  1  Profit  $  (1) where $Profit is the dollar amount of the arbitrage profit, B is the amount of funds borrowed on the credit card, P is the minimum monthly payment on the credit card expressed as a percentage of the amount borrowed, IM is the annual percentage rate earned on the money market account, IC is the annual percentage rate paid on the credit card, K is the number of months in the analysis and F is the fixed charge associated with taking the cash advance. Thus, six different variables affect the potential for arbitrage profits 2 .
To show the use of equation 1, consider a credit card with a $10,000 available credit limit. The cardholder receives an introductory offer of 3 percent APR for six months with a cash advance fee of 2 percent and maximum of $75. The minimum payment due each month equals two percent of the outstanding balance. The card does not have an annual fee. The cardholder has access to a money market account that pays 5 percent APR. The $20.58 profit is earned over the six-month offer period. Most credit cards allow the cardholder to repeat the offer. In this example, the consumer could complete the transaction twice each year allowing them to earn a $41.16 profit. For a card that requires an annual fee, the second transaction undertaken in a year will earn a larger profit than the first. The annual fee is paid only once, so economies of scale are recognized in the second transaction.
MINIMUM PAYMENT PERCENTAGES AND OFFER TERMS
Here we examine how altering the required minimum monthly payment percentage and offer length can affect credit card arbitrage profits. This research is relevant for consumers/investors who are examining various credit cards for potential arbitrage profits and for those that are considering voluntarily paying more than the cardholder agreement specified minimums. In the latter case, we show that it may be inefficient to make a payment larger than the minimum due on an introductory credit card offer. This research is also important for banks that wish to design their credit card product offerings to achieve the maximum potential profit.
We begin by computing the arbitrage profit under several combinations of monthly minimum payments, offer length and money market rate. Next, we calculate the impact of changing the minimum payment and offer length in three ways. First, we calculate the Macaulay duration to measure how changing the offer length and minimum payment due affect the maturity of the loan (Macaulay, 1938) . Second, we calculate the derivative of the profit equation with respect to a change in the minimum monthly payment to obtain a precise mathematical specification of this relationship.
Finally, we complete a series of regression analysis to further explore the relationship.
Computation Of $Profit At Different Minimum Payment Levels And Offer Lengths
In this section, we calculate the $Profit at various minimum payment and offer length combinations. Panel A of Table 1 presents the arbitrage profit for a $10,000 cash advance when the credit card interest rate is 1% annually and a money market rate of 2% annually. A fixed charge of $75 is assumed throughout the example. The profit is determined for several different combinations of minimum payment percentage, P, and offer length, K. Minimum payment percentage varies from 2% to 10%. Length of offer ranges from 3 months to 120 months. Each successive panel raises the money market rate by one percent up to a maximum of 5% in Panel D. Each of the four panels indicates that arbitrage profits are positively related to the offer length and negatively related to the required minimum payment percentage. Table 1 in order to facilitate the reader's understanding of how sensitive the arbitrage profit is to changes in the term of the agreement and the minimum payment percentage. The figure displays an analysis of profits from a $10,000 cash advance with a $75 advance fee. The vertical axis shows the profit amount. The horizontal axis shows the minimum monthly payment. The series of bars shows profits for varying offer lengths. The figure demonstrates that profits are highly sensitive to both offer length and minimum payment due. For example, the profit on a 120 month offer is more than $800 when a 2% minimum payment applies, but is just over $100 when a 10% minimum payment applies. An analysis of the 2% minimum payment offer shows the effects of offer length. A three month offer produces a negative profit, but the 120 month offer produces a profit of more than $800. The combined analysis emphasizes the importance of carefully examining offer terms before engaging in credit card arbitrage.
The worst outcome in Table 1 panel A occurs when the minimum payment is 10% and the offer length is just 3 months. The most profitable outcome occurs in panel D where the money market rate of 5% provides a 4% interest rate differential. Under these conditions, a 10-year offer with a 2% minimum payment would produce a $2,105.88 arbitrage profit. Clearly, greater arbitrage profits are associated with lower required payment percentages and longer term offers. With shorter offers and higher minimum payments, there is often not enough time to earn enough interest to overcome the $75 fixed charge. The money market rate is 3%. The cash advance fee is $75.
Macaulay Duration
The Macaulay Duration, referred to hereafter as duration, provides added insight into the effect of parameter changes on the $Profit. Credit card loans are unique in their payment structure. Most loans are amortized so the loan payment is based on the amount borrowed at the outset. Credit card loans are unique because the minimum monthly payment amount changes each month. The minimum monthly payment is set as some percentage of the beginning monthly balance. This procedure makes it difficult to calculate or easily visualize the effective loan maturity. The duration calculations completed here provide an easy way for users to identify the loan maturity.
Duration is a parameter that is commonly used when evaluating debt contracts. It is generally used in evaluating interest rate risk for bonds. It provides the lender, in our case the bank issuing the credit card, a comparative measure of the recovery time of loaned funds. For the arbitrageur, it provides a measure of how long the funds will be borrowed. In effect, taking out a cash advance is equivalent to the user issuing a bond to the bank. If no principal is paid on the loan until maturity, then the duration would equal the loan term. This would be analogous to a zero-coupon bond. A shorter duration occurs when at least some principal payments are made before maturity. The offer length and minimum payment due both affect the duration. The equation for Macaulay Duration, is:
where pmt i is the total payment made toward the credit card debt in month i and all other terms are as previously defined.
We calculate the duration, in months, for each offer over our previously described range of minimum payment and offer length. The duration is calculated by dividing the weighted sum of the present values of the loan payments by the loan amount. The weights are integers representing the months in which the payments are made. Duration is calculated for various offer lengths and minimum payments in Table 1 . First the results show that offer duration is positively related to the offer term and negatively related to the minimum payment percentage. This is similar to the behavior of the arbitrage profits themselves and is evidence that longer offer duration implies greater potential arbitrage profit. Since the money market rate does not affect the offer duration, the duration values are uniform across panels. For example, the duration of a 120-month offer with a 2% minimum payment is 45.7 in each panel, regardless of the applicable money market rate. Table 2 presents the arbitrage results over the same range of minimum payments and offer term. However, in Table 2 , the credit card offer rate is 3% and the money market rates range from 4% to 7% in panels A through D respectively. The relationships between arbitrage profit, minimum payment percentage, and the offer length persist.
A comparison of Table 1 and Table 2 reveals an interesting difference between profitable arbitrages and nonprofitable arbitrages. Specifically, for profitable arbitrages the higher the rate level the more profitable the arbitrage, holding other factors constant. The opposite is true for offers that lose money. In these situations, the higher the general interest rate level, the greater the loss on the arbitrage, holding other factors constant. For example, in panel B of Table 1 , we see that a one-year offer with a minimum payment of 2% on a credit card rate of 1% and a money market rate of 3%, achieves a profit of $106.90. In the matching panel of Table 2 , we see that credit card rate of 3% and money market rate of 5% on an otherwise identical offer produces a slightly higher arbitrage profit of $108.78. The opposite results when comparing losing offers. In panel A of each table, we consider a 12-month offer with a 10% minimum payment. In Table 1 where the credit card rate is 1% and the money market rate is 2%, we witness a loss of $15.35. The corresponding loss is slightly larger in Panel A of Table  2 , when the credit card interest rate is 3% and the money market rate is 4%. Here, the higher rates produce a slightly greater loss at $15.71. This shows that for a constant spread between the credit card rate and money market rate, higher interest rate levels amplify the arbitrage results. Profitable offers are more profitable at higher interest rate levels. Unprofitable offers lose even more money at higher interest rate levels. © 2012 The Clute Institute Further investigation of the relationship between the arbitrage profit level and duration appears in Table 3 . Each column provides slope and intercept estimates for the following relationship:
This relationship was estimated for each combination of offer length and interest rate differential presented in Tables 1 and 2 . We define the interest rate differential, ∆I, as the money market rate minus the credit card rate. For offers of one-year or shorter, we observe an interesting similarity in the slope and intercept estimates for this equation. This relationship allows the following generalization about the relationship between $Profit and the duration of the offer:
This representation shows the $Profit from the arbitrage is a function of the offer duration, the interest rate spread, and the fixed charge. Persistence of the 8.5 value is an interesting result. For interest rate differentials of 1%, the slope of the relationship is approximately 8.5 in all cases. For interest rate differentials of 2%, the slope is about twice that amount or 17. This is true for differentials of 3% and 4% as well, where the slope coefficients are approximately 25.5 and 34 respectfully. It is also interesting that the absolute value of the intercept tends to be close to the fixed cost amount.
To provide analytical support for the empirical relationship between $Profit and Durations shown in (4), we substitute the formula for duration (2) into the profit formula (1). This process results in the following approximation 3 :
A good approximation for Profit and a sense for how it is related to Duration may be obtained using this approximation formula. This approximation is useful because it greatly simplifies the equation for Profit. Profit can be calculated exactly using the original equation for more precise measurements.
To demonstrate these computations, consider a credit card offer with a $75 fixed cash advance card and a 1% credit rate. An individual borrows $10,000 on the card and invests it at a 5% money market rate for 3 months. The offer has Duration of 2.9. The profit is approximated as:
The resulting figure of $23.60 is a close approximation to the $23.31 profit figure reported in Table 1 for this combination of inputs. Tables 4-7 respectively. The five panels in each table show the arbitrage profits for varying maturities of the introductory offer. The columns in each table show the arbitrage profit for varying fixed cash advance charges. Finally, the rows in each table report the arbitrage profit for various interest rate differentials between the money market rate earned by the cardholder and the interest rate paid on the credit card. Each of the tables assumes a $10,000 cash advance with a 1% credit card rate. The money market rate for each cell equals 1% plus the interest rate differential specified for that row. 4 Comparing the results across Tables 4-7, reveals the affect of changing the minimum monthly credit card payment. When comparing Tables 4 and 5 , clearly credit card arbitrage becomes less profitable as the minimum payment changes from two percent to four percent. Interestingly, the decline in profit is small for shorter maturity offers. For a three-month offer with a 3 percent interest rate differential and no cash advance fees, the decline in arbitrage profit is only $1.47 ($73.82 to $72.35). However, for longer-term maturities we see the decline in profit is larger. To show this affect we examine the first column of Panel A for Tables 4 and 5 which reports the results for an introductory offer that is valid until the card is paid off. We selected a 10-year maturity and calculated the arbitrage results. In this case, for a 3 percent interest rate differential we see the profit drops by $675.45 ($1,547.54 to $872.09) when the minimum monthly payment increases from two to four percent. As such, banks that offer longer maturity introductory offers can substantially lessen potential arbitrage losses by increasing the minimum monthly payment percentage on their credit cards.
Comparing Tables 6 and 7 allows us to see the affect of more extreme changes in minimum monthly payment percentages. Again, for the short maturities, arbitrage opportunities are not reduced substantially by the change in minimum payments. Table 7 , Panel E shows that for the three-month offer with a three-percent differential, no cash advance fees and a 20% minimum payment, the arbitrage profit is $61.29. This is down from $73.82 for the comparable arbitrage in Table 4 . For the longer-term maturities, the arbitrage profits continue to erode with the increase in minimum payments. Again examining Column 1 of Panel A we notice that for ten and twenty percent minimum payments the arbitrage profit declines to $363.62 and $184.05 respectively. This represents a substantial decrease from the $1,547.54 arbitrage profit available at a two-percent minimum payment.
Derivative Of The $Profit Equation
A final demonstration of the sensitivity of the arbitrage to changes in the maturity of the offer is provided by computing the derivative of the $Profit equation with respect to P. This calculation mathematically expresses how $Profit changes when the underlying parameters change.
We calculate the change in $Profit, with respect to a change in the minimum monthly payment that is due on the credit card in each month, P. The resulting derivative is:
Once again, returning to our example, the change in $Profit with respect to a change in the minimum monthly payment is calculated as follows: 
